The study emergency department (ED) receives a new cohort of junior doctors every 6 months as part of the national manpower allocation to meet health service needs. An approach to effect a consistent reduction in prescribing errors by these doctors during their 6-month postings at the study ED was introduced in May 2009.
INTRODUcTION background
The emergency department (ED) is a high-risk environment for prescribing errors, attributable to a combination of factors such as unfamiliar cases, fast pace, high patient volume, time pressures and unpredictability 1 . Reported prescribing error rates in the ED vary widely in the literature due to heterogeneity in study designs and methodologies, ranging from as low as 0.7% in one study to as high as 54% in another 2, 3 . Junior doctors working in the ED are particularly at risk for prescribing errors given that they are generally at an early stage of their careers and relatively new to this aspect of clinical work 4, 5 .
The Problem
In Singapore, a pool of junior doctors rotate through various departments in the public health institutions either as part of their specialty training requirements or as part of the national manpower allocation by the local Ministry of Health to meet service needs. The majority of these doctors start their rotations in May and November of every year with each rotation lasting for 6 months.
The study ED at the 800-bed Changi General Hospital, which has an average ED attendance of about 160,000 patient visits a year, receives a new cohort of 15 to 20 junior doctors every 6 monthly. The learning curve for these doctors is especially Proceedings of Singapore Healthcare  Volume 20  Number 3  2011 steep at the beginning in this new environment. They need to quickly gain clinical competency and workflow familiarity in order to function effectively and cope with a high turnover of patients. Prescribing errors tend to be higher in the early part of their postings followed by some improvement in the later half as they become more familiar with the processes and clinical conditions seen at the study ED. However, the magnitude and the direction of this change over a 6-month period for each cohort of doctors have not been consistent.
The clinical Quality Improvement Initiative
This problem was highlighted as part of the regular departmental audit activities undertaken by the Clinical Quality Improvement (CQI) team at the study ED. In an attempt to effect a consistent reduction in prescribing errors by junior doctors during their posting, the team devised an approach involving the use of metrics to drive individual performances through monthly plan-do-check-act cycles. This intervention has been implemented since May 2009 and applies to the entire pool of junior doctors with ongoing monthly audit of prescribing errors to monitor the trend. Prescribing errors became 1 of the key performance indicators for junior doctors in the study ED. This metric is defined by the total number of prescribing errors by the cohort per month and the highest count of prescribing errors by an individual doctor per month.
The Objective
The objective of this paper was to explore the impact of this approach in cohorts of junior doctors before and after implementation of the intervention.
METHODOLOGY study Design
This study was undertaken as part of the departmental CQI initiative to improve prescribing errors by junior doctors in the study ED and based mainly on the monthly audit findings over a period of 4 years from May 2007 to April 2011. It was exempted from a formal review by the institutional review board.
setting
The study ED uses a computerised patient medical record system known as the Accident and Emergency Physician Support System (AEPSS) for documentation of patient visits to the ED. Prescription scripts for patients who can be discharged from the ED are printed through the AEPSS. Information about drug allergy in the system and pre-set prescription orders for common drugs that include drug name, strength, dose, frequency and duration are helpful in reducing risk of prescribing errors. However, free-text typing in the prescription field on the computer is still possible and one can potentially over-ride the pre-set prescription orders should the doctor wish to do so. In addition, hand-written prescription scripts are still being used, particularly for drugs that are not part of the study ED's list of standard medications.
The detection for prescribing errors is at the ED pharmacy where the pharmacists receive both computer-printed and hand-written prescription scripts by all ED doctors 24 hours daily. A prescribing error is defined as any one of the following which requires the pharmacist to clarify with the doctor: incomplete or unclear prescription, drug allergy or contraindication, wrong drug, wrong form of dosage, wrong dose or strength or frequency, wrong route and drug with therapeutic duplication. One count of prescribing error is considered for each item on the prescription script, instead of by per prescription script or by per patient.
study Population
The number of prescribing errors was extracted only for those who had never been posted to the study ED before and eventually completed a full 6-month rotation. A full 6-month rotation would start in May and November of the year. Those who had previously worked in the study ED before and those who were in the department for less than or more than 6 months were excluded. Also excluded from data analysis were locum doctors and permanent staff of the study ED like the emergency medicine specialists, clinical associates and resident physicians.
Intervention
The ED pharmacy is responsible for tracking the number of prescribing errors by individual doctors and collating them on a monthly basis with individual doctors' tally of the total counts in the previous month. This information is disseminated to the whole department via email through the departmental administrative support. At the same time, the names of those with the highest as well as the lowest counts of prescribing errors for that month are highlighted and displayed on the departmental board for score chart of doctors' performance indicators. Monthly broadcasting of the results allows the doctors to benchmark their individual performances for this particular metric against one another and also provides a reference for self-improvement for the following month. At the end of their posting, the doctor with the lowest count of overall prescribing errors over 6 months will be rewarded with a small gift from the department.
In addition to rewarding individual doctors at the end of the posting, there are also monthly monetary rewards for the cohort as a group if they are able to keep the total number of prescribing errors in that month as low as possible. The total count for the cohort in each month is computed into a predetermined formula that calculates the amount of social funds to be disbursed to the group for that month. Fewer counts of prescribing errors mean more money for social funds while more counts mean less social funds or potentially none. The tangible consequences of being named within the department as a good or poor performer as well as the potential rewards for good performance serve to promote ownership and accountability for this performance metric.
This process repeats itself monthly and translates into a series of plan-do-check-act cycles over the course of a 6-month posting with the aim of effecting a consistent reduction in prescribing errors (Fig. 1) .
Data Extraction and Analysis
The required information for this paper was extracted retrospectively from a database that captured prescribing errors detected by the ED 
REsULTs
For the pre-intervention cohorts from May 2007 to April 2009, the number of junior doctors in each cohort was 18, 18, 19 and 19 respectively while for the post-intervention cohorts from May 2009 to April 2011, the number of junior doctors was 16, 13, 15 and 18 respectively.
The control chart for total number of prescribing errors per month showed a shift towards fewer counts of prescribing errors in the post-intervention group, illustrating the positive and sustained impact of the intervention on the doctors as a cohort (Fig. 2) . The few points of special cause variation above the upper control limits in both the pre-intervention and post-intervention groups coincided with the beginning of the posting of those cohorts and were not unexpected. This trend appeared to be consistent even when variation in the number of doctors per cohort was taken into account ( Fig. 3, overleaf ) .
While the intervention had led to an improvement in the performance of the doctors as a cohort, its impact on individual performances was somehow less convincing. The control chart for the highest individual count for prescribing errors per month showed minimal variation in the pre-intervention and post-intervention groups (Fig. 4 ). This could be reflective of the behaviour of a few recalcitrant individuals within the cohort for whom the intervention has not been effective.
DIscUssION
The post-intervention cohorts seem to have a more consistent reduction in prescribing errors during their 6-month posting in the ED compared to the pre-intervention cohorts. Although it does not establish a direct causal relationship, the finding is encouraging and illustrates the potential in using metrics to drive performances in an ED setting through benchmarking among the junior doctors within each cohort.
The "carrot-and-stick" approach offers a combination of rewards and punishments and seems effective in reducing prescribing errors as a group. It is meant to be aligned with the continuous quality improvement model which seeks to improve quality by shifting the entire bell curve of human performance to the left and improving the whole cohort 6 . The implementation of this approach has to be coupled with the clear objective of improving a departmental process measure and it is imperative to maintain a good balance between the "carrot" and the "stick". Although the "hall of fame and shame" as well as monetary rewards seem to have served the study ED well as a driving force behind the behavioural change of junior doctors as a group, the same strategies may not work in another setting where the characteristics of the work place are different.
Although the intervention has improved the performance of doctors as a cohort, the same cannot be said for a few individuals for whom it has not been effective. Further exploration through root cause analysis may be needed to gain a better understanding of this selected group of doctors.
Limitations
This study, undertaken as part of the departmental CQI initiative to improve prescribing errors by junior doctors in the study ED, was based mainly on the audit findings over a period of 4 years. The retrospective nature of this work comes with several limitations that are inherent to such a study design. Missing data like prescriber demographics and clinical experiences is 1 such important limitation. Fresh graduates or foreign graduates who have not worked in Singapore before may not be as familiar with medications and their indications, and thus will need more time to attain the acceptable level of prescription errors. This difficulty can be aggravated especially if English is not their native language. These are potential confounding factors that could have affected the results and have not been addressed here.
Ideally, the authors would like to have the total number of prescribed items by each doctor over the entire posting as a denominator in order to have a measure of rate, since 1 count of prescribing error is considered for each item on the prescription script. Alternatively, the other measures of denominator like number of prescription scripts by each doctor or number of prescription scripts per a certain number of patients may be used instead. Unfortunately these data were not fully available for the 8 cohorts in the database that was used for this review. As such, the absolute counts of prescribing errors were computed here instead of rates. This precludes comparison with studies where prescribing errors are reported as rates with measures of denominator and this is another important limitation. However, reported prescribing error rates in the ED vary widely in the literature depending on the characteristics of the ED and the subjects, error definition, error rate reporting and detection methods 2, 3, 7 . This makes any comparability between studies both challenging and limited 8 . As the focus was to evaluate the impact of a quality improvement initiative in the study ED, the computation of absolute counts into control charts which allowed significant change to be differentiated from normal variability of the process are perhaps appropriate as an alternative to rates.
Taking into consideration the limitations discussed above, interpretation about the magnitude of the impact of the CQI initiative undertaken by the study ED should be appropriately cautious. Nonetheless, it is encouraging to see what seems like a positive impact which will warrant further evaluation prospectively.
cONcLUsION
The cornerstone of the initiative undertaken by the study ED is an effective continuous improvement cycle with the following attributes:
1. A benchmark is available for self-improvement (performance in the previous month); 2. A robust monitoring system providing reliable data for intended outcomes (database maintained by the ED pharmacy); 3. A functional platform for regular feedback of performances (monthly broadcasting of results); 4. Tangible consequences that promote ownership of individual performances with accountability to the whole cohort ("carrot and stick" approach with benchmarking and monetary rewards).
Developing metrics for process measures as part of the physician practice performance at the ED is daunting but critical to the delivery of safe and high-quality healthcare. The approach adopted by the study ED in the use of metrics with a continuous improvement cycle may effectively drive performances and sustain a reduction in prescribing errors among junior doctors as a cohort during their 6-month postings in the study ED.
